INTRODUCTION
The American Society of Clinical Oncology (ASCO) Clinical Practice Guidelines Committee (CPGC) identified a guideline for endorsement that addressed molecular testing for the selection of patients with lung cancer for epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) tyrosine kinase inhibitors. The target guideline was developed in 2013 as a joint product of the College of American Pathologists (CAP), the International Association for theStudyofLungCancer(IASLC),andtheAssociation for Molecular Pathology (AMP).
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RATIONALE AND PURPOSE
A growing body of research has demonstrated relationships between specific genomic alterations and response of advanced-stage lung cancer to targeted therapies. The CAP/IASLC/AMP guideline offers methodologic review and content review. The methodologic review is completed by a member of the CPGC Methodology Subcommittee and/or by ASCO senior guideline staff using the Rigour of Development subscale of the Appraisal of Guidelines for Research and Evaluation II (AGREE II) instrument. In addition to this methodologic review, ASCO staff conducts literature searches to identify relevant studies and additional systematic reviews, meta-analyses, and guidelines that have been published since the guideline under endorsement was completed.
The content review is completed by an ad hoc ASCO panel (Appendix Table A1 , online only). The panel members are asked to complete an eight-item guideline endorsement content review form that assesses the perceived clarity and clinical utility of the recommendations and the degree to which the recommendations are consistent with the content reviewers' interpretation of the available data on the topic in question. Final review and approval are completed by the ASCO CPGC after approval by the ASCO panel.
The ASCO panel and guidelines staff will work with their counterparts at the CAP, the IASLC, and the AMP to keep abreast of any substantive updates to the current CAP/IASLC/AMP lung cancer biomarkers issued by these groups. On the basis of the formal review of the CAP/IASLC/AMP update, ASCO will determine the need to update the ASCO endorsement. Additional details of the methods used for the development of this guideline endorsement are reported in an online-only Methodology Supplement available at http://www.asco.org/endorsements/lungmarkers.
Disclaimer
The clinical practice guidelines and other guidance published herein are provided by ASCO to assist providers with clinical decision making. The information therein should not be relied on as being complete or accurate, nor should it be considered as inclusive of all proper treatments or methods of care or as a statement of the standard of care. With the rapid development of scientific knowledge, new evidence may emerge between the time information is developed and when it is published or read. The information is not continually updated and may not reflect the most recent evidence. The information addresses only the topics specifically identified therein and is not applicable to other interventions, diseases, or stages of diseases. This information does not mandate any particular course of medical care. Furthermore, the information is not intended to substitute for the independent professional judgment of the treating provider, because the information does not account for individual variation among patients. Recommendations reflect high, moderate, or low confidence that the recommendation reflects the net effect of a given course of action. The use of words like must, must not, should, and should not indicate that a course of action is recommended or not recommended for either most or many patients, but there is latitude for the treating physician to select other courses of action in individual cases. In all cases, the selected course of action should be considered by the treating provider in the context of treating the individual patient. Use of the information is voluntary. ASCO provides this information on an as-is basis and makes no warranty, express or implied, regarding the information. ASCO specifically disclaims any warranties of merchantability or fitness for a particular use or purpose. ASCO assumes no responsibility for any injury or damage to persons or property arising out of or related to any use of this information or for any errors or omissions.
Guideline and Conflicts of Interest
The expert panel was assembled in accordance with the ASCO Conflicts of Interest Management Procedures for Clinical Practice Guidelines (procedures, summarized at http://www.asco.org/rwc). Members of the panel completed the ASCO disclosure form, which requires disclosure of financial and other interests that are relevant to the subject matter of the guideline, including relationships with commercial entities that are reasonably likely to experience direct regulatory or commercial impact as the result of promulgation of the guideline. Categories for disclosure include employment relationships, consulting arrangements, stock ownership, honoraria, research funding, and expert testimony. In accordance with the procedures, the majority of the members of the panel did not disclose any such relationships.
CAP/IALSC/AMP MOLECULAR TESTING GUIDELINE FOR SELECTION OF PATIENTS WITH LUNG CANCER FOR EGFR AND ALK TYROSINE KINASE INHIBITORS
Clinical Questions and Target Population
The CAP/IASLC/AMP guideline addressed five principle questions and 14 corollary questions. The five principle questions asked were as follows: (1) When should molecular testing for non-small-cell lung cancer (NSCLC) be performed? (2) How should EGFR testing be performed? (3) How should ALK testing be performed? (4) Should other genes be routinely tested in lung adenocarcinoma? (5) How should molecular testing of lung adenocarcinomas be implemented and operationalized? The complete set of clinical questions and corresponding recommendations are listed in Table 1 . The target population for the CAP/IASLC/AMP guideline is patients with NSCLC.
Summary of CAP/IASLC/AMP Guideline Development Methodology and Key Evidence
The CAP/IASLC/AMP guideline was developed by an author expert panel and a scientific advisory panel that included experts in molecular testing in NSCLC from pathology, oncology, and research and development The searches identified 127 studies for inclusion in the qualitative synthesis of the literature for the guideline. The expert author panel also solicited input and testimony from the nonwriting scientific advisory panel at a 1-day meeting. The CAP/IASLC/ AMP panel reviewed data from randomized controlled trials of anti-EGFR or -ALK therapies in lung cancer and from unblinded trials that described test characteristics, outlined various methods, and defined quality assurance strategies for testing. The panel relied on expert consensus opinion to formulate recommendations for 20 of the 37 clinical questions, especially those related to technical aspects of testing that were supported by limited or no highquality evidence. Recommendation: EGFR molecular testing should be used to select patients for EGFR-targeted TKI therapy, and patients with lung adenocarcinoma should not be excluded from testing on the basis of clinical characteristics. 1.1b: Recommendation: ALK molecular testing should be used to select patients for ALK-targeted TKI therapy, and patients with lung adenocarcinoma should not be excluded from testing on the basis of clinical characteristics. 1.2: Recommendation: In the setting of lung cancer resection specimens, EGFR and ALK testing is recommended for adenocarcinomas and mixed lung cancers with an adenocarcinoma component, regardless of histologic grade. In the setting of fully excised lung cancer specimens, EGFR and ALK testing is not recommended in lung cancers that lack any adenocarcinoma component, such as pure squamous cell carcinomas, pure small-cell carcinomas, or large-cell carcinomas lacking any IHC evidence of adenocarcinoma differentiation. 1.3: Recommendation: In the setting of more limited lung cancer specimens (biopsies, cytology) in which an adenocarcinoma component cannot be completely excluded, EGFR and ALK testing may be performed in cases that show squamous or small-cell histology, but clinical criteria (eg, younger age, lack of smoking history) may be useful in selecting a subset of these samples for testing. Table 1 lists the practice recommendations for the clinical questions addressed in the CAP/IASLC/AMP guideline; a summary of these recommendations is provided here:
Major Guideline Recommendations
Which patients and which samples to test. The guideline recommends that patients with a diagnosis of lung adenocarcinoma or mixed lung cancer with adenocarcinoma component be tested and that patients should not be excluded from testing on the basis of clinical characteristics, such as sex or smoking status. In fully resected lung cancer specimens, testing of pure squamous cell carcinoma or small-cell carcinoma is not recommended. In small samples (biopsies, cytology), these histologies may be included in testing for EGFR and ALK, because the possibility of a mixed tumor with an unsampled adenocarcinoma component cannot be excluded in limited samples; clinical characteristics (eg, lack of smoking history, younger age) may be useful in selecting a subset of small samples for testing. Less common tumors that may harbor EGFR and ALK, and which may be considered for testing, include large-cell carcinomas (particularly subset showing evidence of adenocarcinoma differentiation by immunohistochemistry [IHC]), sarcomatoid carcinomas, large-cell neuroendocrine carcinomas, and non-small-cell carcinomas not otherwise specified. Primary tumors or metastatic lesions are equally suitable for testing. Expert consensus was that each tumor may be tested for patients with multiple primary adenocarcinomas.
Timing of testing. Testing should be completed at the time of diagnosis of advanced disease or recurrence. For patients with earlierstage (ie, I to III) disease who undergo surgical resection, expert consensus encourages testing at the time of diagnosis so that molecular information is available to an oncologist at the time of recurrence for a subset of patients who subsequently experience recurrence, although this decision is deferred to local laboratories and oncology teams.
How should testing be performed? The CAP/IASLC/AMP guideline is not prescriptive about specific testing platforms, but it emphasizes that the methodology and minimal specimen requirements be validated and quality assurance maintained in each laboratory. Expert consensus on preferred tissue processing for optimal EGFR and ALK testing is presented, including fixation techniques; it is emphasized that certain tissue treatments-such as decalcifying solutions-are not suitable for EGFR testing. Cytologic specimens are suitable for testing. Each laboratory should establish minimal cellularity requirements (proportion and number of tumor cells) during assay validation. Expert consensus is that laboratories should use an EGFR method that is able to detect mutations in sample with as low as 50% tumor cell content, although the ability to detect mutations in samples with tumor cell content Ն 10% is strongly encouraged. For the detection of EGFR T790M acquired resistance mutation, the assays should have sufficient sensitivity to detect mutations in samples with Ն 5% tumor cells. Expect consensus is that EGFR testing assays should be able to detect individual EGFR mutations with a reported frequency of Ն 1% of all EGFR mutations. It is noted that several methodologies, including IHC for total EGFR, EGFR copy number analysis, and ALK real-time polymerase chain reaction, are not recommended as predictive assays. IHC with EGFR mutation-specific antibodies has a high positive predictive value if scoring cutoffs are set stringently, but it has lower sensitivity, which necessitates testing of all IHC-negative cases. It is suggested that IHC for mutant EGFR may have a role in special circumstances, such as in samples deemed insufficient for molecular analysis. Lastly, IHC with highly sensitive ALK antibodies (D5F3, 5A4), if carefully validated, may be used as a screening method to select specimens for ALK fluorescent in situ hybridization (FISH) testing, and expert opinion is that tumors that are negative by ALK IHC need not be tested by FISH.
Testing for other genes. The CAP/IASLC/AMP guideline recommends prioritizing EGFR and ALK testing over other biomarkers, but it is noted that new important testing indications, notably ROS1 and RET rearrangements, emerged while the guideline was under development. Testing for KRAS mutations is not recommended as a sole determinant of EGFR-targeted therapy; however, testing for KRAS may be performed initially to exclude KRAS-mutated tumors from EGFR and ALK testing as part of a stepwise algorithm designed to maximize testing efficiency, recognizing that KRAS mutations are common (30%) in lung adenocarcinomas and mutually exclusive with EGFR and ALK.
Implementation and operationalization of testing. The guideline defers the decision on testing algorithms to local laboratories, provided that overall result turnaround time requirements are met. Expert consensus for testing turnaround time is that results should be available within 2 weeks (10 working days, with goal of 5 working days) of receiving the specimen in the testing laboratory. Pathology departments should establish a process wherein tissue (blocks or unstained slides) is sent to outside molecular laboratories within 3 days of receiving a request and to intramural molecular laboratories within 24 hours. Results should be reported in a format that is easily understood by oncologists and nonspecialist pathologists. The guideline includes detailed recommendations for the information that should be included in a molecular report. Expert consensus on test validation and quality assurance is provided.
RESULTS OF ASCO METHODOLOGIC REVIEW
The methodologic review of the CAP/IASLC/AMP guideline was completed independently by two ASCO guideline staff members using the Rigour of Development subscale from the AGREE II instrument, as discussed. Detailed results of the scoring for this guideline are available in the online Methodology Supplement at http://www.asco .org/endorsements/. Overall, the CAP/IASLC/AMP guideline scored high (83%) in terms of methodologic quality, with only minor deviations from the ideal as reflected in the AGREE II items.
METHODS AND RESULTS OF ASCO UPDATED LITERATURE SEARCH
A search for new evidence was conducted by ASCO guideline staff to identify relevant randomized clinical trials, systematic reviews, meta-analyses, and guidelines published since the CAP/IASLC/AMP guideline was completed. 
RESULTS OF ASCO CONTENT REVIEW
The ASCO ad hoc panel reviewed the CAP/IASLC/AMP guideline and concurs that the recommendations are clear, thorough, based on the most relevant scientific evidence in this content area, and present options that will be acceptable to patients, clinicians, and pathologists.
ENDORSEMENT RECOMMENDATION
The ASCO ad hoc guideline review panel has reviewed the CAP/ IASLC/AMP guideline and endorses the adoption of the guideline.
DISCUSSION POINTS
The ASCO ad hoc review panel identified three evolving areas that merit additional commentary: advances in ALK testing methodology, considerations for selecting appropriate populations for molecular testing, and emergence of other targetable molecular alterations. These areas are comprehensively addressed in the CAP/IASLC/AMP guideline but are briefly highlighted here for the benefit of the readership of this endorsement.
ALK Testing
The US Food and Drug Administration-approved ALK FISH assay is currently a prerequisite companion diagnostic for crizotinib treatment in the United States. However, as addressed in detail in the CAP/IASLC/AMP guideline, ALK IHC has been emerging as a highly specific, sensitive, rapid, and relatively inexpensive alternative method for the detection of ALK rearrangements, which circumvents several well-known limitations of ALK FISH, including labor intensiveness, high cost, requirement of a fluorescent microscope and specialized training, and a need for higher tumor cell numbers than IHC. Since the publication of the CAP/IASLC/AMP guideline, ALK IHC has continued to gain increasingly wide acceptance as the selection test for ALK inhibitors. 2 It is suggested in the CAP/IASLC/AMP guideline that "ALK IHC, if carefully validated, may be considered as a screening methodology to select specimens for ALK FISH testing." 1(p846) The ASCO panel wishes to highlight this evolution in ALK testing methodology and refers the readers to a recent comprehensive review of this area in the IASLC Atlas of ALK Testing in Lung Cancer. 
Testing in Early-Stage NSCLC
The CAP/IASLC/AMP expert consensus opinion is to encourage EGFR and ALK testing for all patients with early-stage (ie, I to III) carcinomas at diagnosis, with a note that "the decision to do so should be made locally by each laboratory, in collaboration with its oncology team." 1(p838) To aid in this decision, the ASCO panel wishes to highlight potential considerations in the testing of patients with resected early-stage disease. The advantage of this approach is that it enables rapid initiation of treatment in patients who experience a recurrence, because molecular information is immediately available to the oncologist. This benefit must be balanced against the extra cost incurred by molecular testing of patients with early-stage disease who do not experience a relapse. If testing of such patients is implemented by local testing policies, it is important for oncologists to recall that the proven role for targeted therapies in EGFR-mutant or ALK-rearranged NSCLC at the present time is only in the setting of advanced-stage disease and to ensure that molecular results for patients with earlystage disease be used appropriately (eg, to initiate optimal therapy on lung cancer relapse or for enrollment onto clinical trials evaluating role of targeted therapies in adjuvant setting).
Future Research: Emerging Targetable Molecular Alterations
The CAP/IASLC/AMP guideline represents a great advance toward standardization of testing for EGFR and ALK alterations. An important consideration for the future of molecular testing in lung carcinoma is a growing number of other targetable molecular alterations, such as the recently identified RET and ROS1 rearrangements. 3 Future guidelines will be needed to address testing for these and other emerging alterations and strategies for testing of a growing number of biomarkers as they enter clinical practice, which challenges the practicality and feasibility of performing multiple separate assays for each individual alteration, particularly in limited tissue samples. In this regard, recent innovations in multigene testing methodologies (eg, next-generation sequencing 4 ) afford the capability of detecting multiple molecular alterations in a single assay and may hold significant promise in clinical testing.
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